Caring for the elderly with dementia imposes a substantial burden on family members and likely accounts for more than half of the total cost of dementia for those living in the community. However, most past estimates of this cost were derived from small, nonrepresentative samples. We sought to obtain nationally representative estimates of the time and associated cost of informal caregiving for the elderly with mild, moderate, and severe dementia.
D
ementia, a deterioration in intellectual capacity that impairs independent functioning in everyday life, is a common condition affecting an estimated 5% to 10% of Americans aged 65 and over. 1 In the United States, the prevalence of Alzheimer's disease (AD), the most common cause of dementia, is projected to more than triple (from about 2.3 to 8.7 million cases) in the next 50 years due to aging of the population. 2 This large increase in the prevalence of dementia will generate substantial additional burdens on the formal health care system and on the network of informal caregivers that typically provides most of the daily care required by individuals with dementia. Primary care physicians, because of their key role in the long-term management of elderly individuals with chronic disease, will be disproportionately affected by the growing prevalence of dementia among their patients, as well as the growing caregiving burden among their patients' spouses and children. Most studies have found that the cost associated with unpaid informal caregiver time accounts for a majority of the total cost of dementia, 3 due to the progressive functional limitations in activities of daily living (ADLs) and instrumental activities of daily living (IADLs) that are the hallmark of the disease. However, the estimates of the average caregiver time and associated cost for dementia care have varied widely (from $1,500 4 to $35,000 5 per year), probably due to the use of small geographically restricted samples as well as differences across studies in average severity of cognitive impairment, definitions and methods for establishing a dementia diagnosis, and the``wage'' or``opportunity cost'' used to value informal caregiver time.
4±13
Only one prior study 7 used a nationally representative U.S. sample to evaluate informal caregiving for dementia, but that study did not adjust for important socioeconomic and family characteristics that have been shown to be important independent predictors of informal care.
Our objective was to obtain more valid and generalizable estimates of the time and associated cost of informal caregiving for the elderly with different levels of cognitive impairment by using a population-based nationally representative sample of the community-dwelling elderly age 70 years or older. In addition, we aimed to better identify the incremental or additional caregiving attributable to dementia, net of the caregiving that results due to coexisting chronic diseases, and to better adjust for differences in important sociodemographic and family characteristics that might independently affect provision of informal care. By estimating a nationally representative cost of informal caregiving for various stages of dementia, we hope to provide useful data for future evaluations of the social and economic impact of the increasing number of elderly with dementia, as well as the increasing number of interventions 14, 15 aimed at decreasing dementia incidence and progression.
METHODS

Conceptual Model of Informal Caregiving for Dementia
The conceptual model of informal caregiving underlying our analysis is shown in Figure 1 . We assume that brain pathology (e.g., the accumulation of b-amyloid plaques in AD or strokes in multi-infarct dementia) leads to the progressive memory and other cognitive impairments of dementia. These cognitive impairments result in limitations in the independent performance of ADLs and IADLs. 16 The majority of informal care is provided to address these functional limitations, although additional care is provided to manage behavioral problems associated with dementia, such as psychiatric symptoms and wandering, 5, 10, 13 and to provide supervision for safety. 13 Elderly individuals with dementia may also have comorbid conditions (e.g., diabetes, heart disease, arthritis, and cancer) that lead to functional limitations independently of their cognitive impairment. Certain complications of dementia, such as increased risk of falls or urinary incontinence, may result in further ADL or IADL difficulties in addition to those resulting directly from cognitive impairment. Finally, other variables, such as an individual's age, gender, race, socioeconomic status, the relative availability of informal caregivers, and the availability of possible substitutes for informal care (e.g., paid home care and nursing home services) may also affect the total amount of care provided by informal caregivers.
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Properly identifying and attributing the caregiving costs that arise from a particular disease may be difficult. 21, 22 Consider, for instance, an elderly individual with dementia who also has diabetes. The informal caregiving that results from diabetic complications such as the visual impairment of retinopathy should not be attributed to the presence of dementia since the impairment is not directly due to dementia. However, compared to an individual with normal cognitive function, a given level of visual impairment in an individual with dementia may result in even greater caregiving needs (e.g., due to difficulty in understanding and following directions) and, therefore, some portion of caregiving costs for the diabetic complication might be properly attributed to dementia. Likewise, some falls and resulting trauma are likely due to the orientation and attention difficulties associated with dementia, 23, 24 but a significant number of falls occur in elderly individuals with no cognitive impairment. So a portion of fall-related caregiving might be properly attributed to dementia in some elderly, but not in others. Two methods have been used in prior studies to address the issue of correctly attributing informal caregiving costs to dementia. One study directly asked caregivers to identify only those helping tasks that resulted from an individual's dementia. 5 Other studies used statistical modeling to determine the``net'' caregiving attributable to dementia after adjusting for the presence of coexisting chronic conditions. 7, 9, 12 Our analysis used a statistical modeling methodology, as described below, that is similar to this latter group of studies.
Data
We used data from the baseline 1993 survey of the Asset and Health Dynamics (AHEAD) Study, a biennial longitudinal survey of a nationally representative cohort of the U.S. elderly born in 1923 or earlier. 25 Our analysis included all 7,443 community-dwelling elderly age 70 years or older who were enrolled in the baseline survey. This sample is representative of the approximately 21 million community-dwelling elderly in the United States. The AHEAD survey was designed to study health transitions in old age and their impact on individuals, families, and society. In addition to measures of the health and functional status of the elderly survey respondents, data are collected on the number of hours of care provided by both paid and unpaid caregivers in the home. Most respondents age 70 to 79 years (72%) were interviewed by telephone, while most of those age 80 years and older (70%) were interviewed in person. The overall survey response rate was 80%, and response rate did not differ significantly for those interviewed by phone compared to those interviewed in person. 25 Approximately 10% of respondents were unable or unwilling to complete the AHEAD survey by themselves. 25 A proxy respondent, most often a spouse (45%) or daughter (29%), completed the survey for these individuals.
The AHEAD Study was approved by the Behavioral Sciences Committee institutional review board at the University of Michigan. The data used for this analysis contained no unique identifiers, so respondent anonymity was maintained.
Dependent Variables
We classified respondents as receiving informal care if in-home assistance with any ADL (eating, transferring, toileting, dressing, bathing, walking across a room) or IADL (preparing meals, grocery shopping, making phone calls, taking medications, managing money) was provided by a relative (paid or not), or unpaid nonrelative with no organizational affiliation. 26 AHEAD respondents were identified as recipients of informal care if, because of a health problem, they received any help with IADLs. However, due to the survey design, we were able to identify only those respondents who received help with an ADL``most of the time.'' So infrequent help for ADLs (that provided``some of the time'' or``occasionally'') was not included in the analysis. The intensity (number of weekly hours) of informal home care was calculated using the average number of days per week (in the prior month), and average number of hours per day that respondents reported receiving help from informal caregivers. The methodology used for calculating weekly hours of care from the AHEAD data has been previously described. 19 Because data on hours per day of care were not collected for caregivers who helped less than once per week, hours values for these caregivers were assigned using a method of multiple imputation 27 based on reported caregiver characteristics (helper gender, residential status, relationship to the respondent, and number of days per week of care). 19 Missing caregiving hours data were imputed for a total of 19% of informal caregivers. Because most caregivers with missing data were those who provided very infrequent help (less than once per week), they accounted for less than 2% of the total informal caregiver hours analyzed in the study. We re-ran all analyses after dropping any observation for which data were imputed and found no significant change in our results. We imposed a limit of 16 hours of care per day for any individual caregiver to allow for 8 hours of sleep. 8, 28 This truncation of caregiving hours affected about 6% of the 2,700 informal caregivers identified in the AHEAD survey.
Definitions of Dementia and Dementia Severity
For self-respondents, the presence and severity of dementia were defined using a modified version of the Telephone Interview for Cognitive Status (TICS), a validated cognitive screening instrument patterned on the MiniMental State Examination (MMSE), 29 which is specifically designed for population-based studies. 30±32 On the basis of prior validation studies, we defined a cut-off score of 8 (2 standard deviations below the mean) on the 35-point TICS scale as the level of cognitive impairment consistent with``dementia.'' 31±33 Further, severity of dementia was categorized using the TICS score as follows: a score of 6 to 8 was defined as``mild'' dementia; 4 or 5 was defined as`m oderate'' dementia; and 0 to 3 was defined as``severe'' dementia.
The TICS was not administered to those respondents represented by a proxy, but each proxy was asked:``How would you rate (the respondent's) memory at the present time?'' and``How would you rate (the respondent) in making judgements and decisions?'' The possible responses to each question were:``excellent,''``very good,''``good,''``fair,'' or ``poor.'' If a respondent's memory was assessed as`e xcellent,''``very good,'' or``good'' they were considered to have``normal'' cognitive function, while those with``fair'' or`p oor'' memory were considered to have cognitive impairment consistent with dementia. Further, for those proxy respondents with dementia, severity was assigned on the basis of proxy responses to the``judgement'' question: those with``excellent,''``very good,'' or``good'' judgement were assigned to the``mild'' dementia category, those with`f air'' judgement were assigned to the``moderate'' dementia category, and those with``poor'' judgement were assigned to the``severe'' dementia category. We performed sensitivity analyses using alternative cut-off scores for self-respondent dementia severity classification, and alternative proxy assessment categorizations to determine if the caregiving results changed significantly.
Independent Variables and Statistical Model for Identifying Dementia Caregiving
Since the goal of the analysis was to identify the additional informal caregiving attributable to dementia, we constructed a multivariable regression model that included the following independent variables: 1) categorical variables indicating the presence of mild, moderate, or severe dementia; 2) categorical variables indicating the presence of each of the following comorbidities: stroke, diabetes, heart disease, hypertension, lung disease, cancer, psychiatric problem, and arthritis; 3) categorical variables indicating the availability of potential informal caregivers (whether a spouse was present and whether the individual had a living child); and 4) sociodemographic characteristics (age, race, gender, net worth). We defined net worth terciles (low, middle, and high) using the full 1993 AHEAD sample.
To test the hypothesis that the presence of dementia results in additional caregiving for other comorbidities (e.g., caregiving to address diabetic complications is greater for diabetics with dementia than for diabetics with normal cognitive function), interaction terms for each of the comorbidities (e.g., dementia severity Â diabetes) were tested in the regression model. None of these interaction terms were statistically significant, so they were not included in the final regression model.
In the resulting statistical model, the regression coefficients for the dementia severity variables indicate the additional caregiving associated with mild, moderate, and severe dementia (compared to those with normal cognitive function), after adjusting for differences across these four groups (normal, mild, moderate, severe) in the presence of each of the comorbidities, availability of informal caregivers, and sociodemographic characteristics. As such, the statistical model identifies the incremental caregiving attributable to dementia, net of differences in caregiving due to the presence of comorbidities and taking into account other differences between groups. 7, 12 The number of ADL and IADL limitations was not controlled for in the regression model since, as shown in Figure 1 , we hypothesize (on the basis of prior studies 5, 10, 13 ) that the majority of informal care provided for those with dementia is due to differences in ADL/IADL limitations in those with dementia, as compared to those with normal cognitive function.
Due to lack of data, we were unable to determine the amount of caregiving provided for supervision and behavior management. We were also unable to test the effect of health system characteristics (e.g., availability of paid home care, availability of nursing homes, enrollment in managed care systems) on the amount of informal care provided for those with dementia.
Because a substantial proportion of respondents received no informal care in the month prior to the administration of the survey, and the distribution of hours among recipients was highly skewed, we analyzed caregiving using a standard two-part multivariable model. 18, 34 For ease of interpretation, regression results from the two-part model were retransformed from log hours to hours. 35 
Calculating the Cost of Informal Care
Opportunity cost, or the value of a resource in its next best use to society, is the preferred measure of cost for economic analyses in health care. 21 The opportunity cost of an informal caregiver's time is sometimes assigned using the average hourly wage of working individuals with similar characteristics (age, gender, education), but for some groups of caregivers (the retired elderly, for instance) there are no appropriate wage data. An alternate approach is to use the market price of an equivalent service (such as a home health aide) as an estimate of the opportunity cost of a caregiver's time. 21 Using this latter method, we estimated the yearly cost of family caregiving for each level of cognitive impairment by multiplying the 1998 national average wage for a home health aide ($8.20 per hour 36 ) by the adjusted weekly hours of care, and then multiplying by 52 (weeks per year). We performed a sensitivity analysis using the 10th percentile home health aide wage rate ($5.90 per hour) as a more conservative estimate of the opportunity cost of caregiver time, and the 90th percentile wage rate ($10.80 per hour) as a more generous estimate in order to provide a reasonable range of imputed family caregiving costs.
All analyses were weighted and adjusted for the complex sampling design (stratification, clustering, and nonresponse) of the AHEAD survey. 25 ,37 STATA Statistical Software, Release 6.0, (Stata Corp, College Station, Tex) was used for data analysis. 37 All reported P values are twotailed, and a P value <.05 was considered statistically significant.
RESULTS
Characteristics of the Study Population
The characteristics of those age 70 years or older in the 1993 AHEAD survey (N = 7,443) are shown in Table 1 . Ten percent of respondents showed evidence of cognitive impairment consistent with dementia. Of those with dementia, 43% were in the mild category, 27% were moderate, and 31% were severe. Compared to persons with normal cognitive function, those with dementia (all levels of severity) were older, more likely to be African American, unmarried, have less than a high school education, have low net worth, have more ADL and IADL difficulties, and were more likely to have a diagnosis of stroke, diabetes, heart disease, psychiatric problem, and arthritis (P < .05 for all comparisons). As expected, dementia severity was positively associated with the likelihood of being represented by a proxy.
Incremental Weekly Hours and Yearly Cost of Informal Caregiving
The adjusted incremental weekly hours (derived from the two-part model) and associated incremental yearly cost of informal caregiving for each level of cognitive impairment are shown in Table 2 . There was a significant positive association of dementia severity and weekly hours of informal care. Those elderly with normal cognitive status received an average of 4.6 hours per week of informal care. Those with mild dementia received an additional 8.5 hours of care compared to those with normal cognition, while those with moderate dementia received an additional 17.4 hours, and those with severe dementia received an additional 41.5 hours of care (P < .001).
Using the middle-range estimate of the opportunity cost of an informal caregiver's time ($8.20 per hour), the incremental yearly cost of caregiving attributable to dementia ranged from $3,630 for mild dementia to $17,700 for severe dementia. Using the more conservative low-range opportunity cost estimate ($5.90 per hour), the incremental yearly cost of dementia caregiving ranged from $2,610 for mild dementia to $12,730 for severe dementia, while the corresponding high-range estimates ($10.80 per hour) were $4,780 for mild dementia and $23,310 for severe dementia.
To assess the appropriateness of our chosen cut-off for defining dementia, we tested whether those selfrespondents with TICS scores of 9 to 11 received significantly greater hours of informal care. Using the same two-part model as for the main analysis, this``borderline'' group received a similar number of weekly hours of informal care as those in the``normal'' group, and significantly fewer hours of care than those in the``mild'' dementia group. Similarly, respondents whose memory was rated as``good'' by their proxy did not receive significantly more informal hours than those in the``normal'' group (data not shown). These findings suggest that the dementia cut-offs that we used, a score of 8 on the TICS scale and a proxy assessment of``fair'' memory, are both reasonable estimates of the level of cognitive impairment significant enough to impair independent functioning in everyday life.
DISCUSSION
Both clinicians and policymakers will be confronted with difficult choices regarding the allocation of health care resources as the U.S. population ages and the prevalence of dementia increases. Accurate data regarding both direct medical costs and informal caregiving costs are necessary to make such choices effectively. Our results extend the literature on informal caregiving for the elderly with dementia in a number of ways. Most importantly, to our knowledge, this is only the second study of informal caregiving for cognitively impaired elderly to use a population-based nationally representative sample in the United States. The first population-based study used data from 10 years prior to those of our study and did not adjust for important socioeconomic or family characteristics. 7 Our estimates of caregiver time and costs may, therefore, be generalized to the noninstitutionalized U.S. population with more confidence than prior estimates, especially those derived from nonrepresentative samples. Using a population-based survey, rather than extrapolating from geographically restricted patient samples is especially important in the study of dementia because of the significant likelihood that community-dwelling elderly with cognitive impairment may not be identified and diagnosed. 38 We found expected relationships between cognitive impairment and health status in that those with dementia were more likely to have ADL and IADL impairments and were also more likely to have important comorbidities, such as stroke, diabetes, heart disease, psychiatric problems, and arthritis. The higher rate of cognitive impairment among African Americans found in our analysis is likely due to a number of factors, including lower levels of education and higher rates of hypertension, diabetes, and stroke. Education has been found consistently to be an independent predictor of neuropsychological test performance, with higher education associated with better performance. 33, 39, 40 In addition, since cognitive screening tests are culture-and language-specific, the tests may be biased against minority populations and, therefore, African Americans may be somewhat over-represented in the cognitively impaired groups in our study. 33, 41, 42 Further study is needed to clarify the complex relationships among race, education, and cognitive impairment.
We found a striking increase in the caregiving``burden'' on family members as the level of cognitive impairment worsened, from 8.5 additional hours per week for mild dementia to 41.5 additional hours per week for severe dementia. A popular guide 43 for family caregivers of those with dementia compares the experience to living a``36-hour day.'' Similarly, we found that dementia caregiving can, in itself, be a``full-time'' job. The fact that many of the caregivers working this extended week are elderly spouses (about 35% of informal caregivers in the AHEAD survey) magnifies the importance of identifying and addressing the needs of family caregivers as the prevalence of dementia increases in the next decades. Primary care physicians, because of their sustained relationships with individuals with chronic disease, may be especially well positioned to monitor whether their patients' family members are suffering ill-effects from the potential strains of caregiving. We have previously shown that elderly women, because they are likely to receive significantly less help from family members for their own disabilities, may be especially vulnerable to the potential negative consequences associated with providing substantial dementia care. 44 Given the nationally representative sample used for this analysis, an estimate of total informal caregiving costs for the cognitively impaired community-dwelling elderly age 70 years or older in the United States can be calculated. Using our definitions of dementia and the population weights for the AHEAD survey, in 1993, there were an estimated 880,000 community-dwelling elderly with mild dementia in the United States, 530,000 with moderate dementia, and 650,000 with severe dementia. The associated additional yearly cost of informal care attributable to dementia for these groups is about $3.2 billion, $3.9 billion, and $11.5 billion, respectively, yielding a total additional cost of about $18.6 billion per year. The corresponding low-and high-range caregiving cost estimates are $13.4 billion and $24.5 billion, respectively. To put the magnitude of informal caregiving costs for dementia in perspective, total national expenditures in 1998 for all paid home care services (not just those for dementia) were about $29 billion, 45 just 56% greater than our mid-range estimate of informal caregiving for this single condition. We employed methods that likely led to conservative estimates of informal caregiving time and cost. First, only caregiving provided for help with ADLs and IADLs is included in the analysis, and infrequent help for ADLs is not captured by the AHEAD survey. The time required for caregivers to monitor and manage the behavioral problems associated with dementia (such as paranoia, hostility, and wandering), as well as the costs associated with providing shared housing and transportation, are not included in the analysis. In addition, our total cost estimate includes informal caregiving only for those elderly living in the community. While families provide significantly less informal care once an individual with dementia moves to a nursing home, some level of care from family members will likely continue. 5, 12 However, even using these conservative measures, and using the low-range opportunity cost estimate, the national annual cost of dementia caregiving still reaches almost $14 billion per year. Future research should examine how the additional tasks related to dementia caregiving, such as providing supervision for safety and monitoring behavioral problems, add to the burden and costs identified in this study.
The societal cost associated with informal caregivers' time identified in this analysis may also be accompanied by significant additional effects on caregivers' work and leisure activity. For instance, in a national survey, 6% of employed dementia caregivers reported turning down a promotion and 10% reported taking early retirement because of their caregiving responsibilities. 46 About 24% of dementia caregivers reported``needing more free time or a break'' from caregiving. 46 In addition to the economic cost of informal caregiving, there may also be important negative health effects for dementia caregivers, including increased rates of depression 47 and even increased mortality. 48 The additional costs related to such caregiver morbidity and mortality are not included in our study. An important limitation of our analysis is that while we were able to assess level of cognitive impairment using the TICS instrument, we were unable to assign a diagnosis of dementia based on established clinical criteria, such as the Diagnostic and Statistical Manual, Fourth Edition (DSM-IV) criteria. 16 However, the TICS has been shown to correlate well with other instruments (such as the MMSE 30 ) used for establishing a diagnosis of dementia, and to successfully differentiate individuals with normal cognitive function from those with clinically established dementia. 32 In addition, indirect evidence suggests that our dementia classification scheme using the TICS or proxy assessment of memory performs similarly to classification methods used in prior dementia prevalence studies. A recent meta-analysis synthesizing 18 studies of AD prevalence estimated that there were 765,000 cases of mild AD among those age 70 years or older in the United States in 1995, and 1.0 million cases of moderate or severe AD. 1 Using our dementia classification, the analogous estimates for all cases of dementia (not just those resulting from AD) are 880,000 cases of mild dementia, and 1.2 million cases of moderate or severe dementia. Two potential limitations regarding the accurate reporting and measurement of caregiving hours by survey respondents or their proxies merit comment. First, it may be difficult for survey respondents to accurately assess the amount of care received for an ADL or IADL limitation if the caregiver lives with the respondent. The AHEAD survey attempts to minimize reporting differences for the caregiving hours for resident versus nonresident caregivers by identifying only caregiving that is provided specifically for limitations``due to a health problem.'' For instance, if a respondent reports that he/she has never typically prepared meals or gone grocery shopping, then help provided for these activities was not included as informal caregiving.
A second issue is that the perspective for reported caregiving is different for self-respondents than for proxy respondents, since self-respondents report how much caregiving they received, while proxy respondents (who are often primary caregivers) report how much caregiving they provided. To the extent that this difference in perspective results in systematic differences in the quantity of caregiving reported, biased estimates of caregiving hours may result. We performed a secondary analysis in which self-respondents and proxy respondents were analyzed separately using the same regression model as for our primary analysis. For each dementia category, caregiving hours for individuals represented by proxies were significantly greater than for self-respondents, but it is difficult to say whether this represents an overestimate of caregiving hours by proxies, an underestimate of caregiving hours by self-respondents, or that the health status of those represented by a proxy was worse than self-respondents, even after controlling for the other variables in our analysis. Since proxy informants are essential for studying those with dementia, future research should further assess how differences in the perspective of self-respondents and proxy respondents may affect caregiving results.
A number of important demographic and health system trends over the next few decades will increase the number of community-dwelling elderly with significant disabilities due to dementia and other chronic diseases. 2, 49, 50 It will be important for future research to follow how these trends, and the public policy responses to them, affect the already significant effort expended by informal caregivers. 51 Especially salient is how the U.S.
long-term care system will be organized and financed to meet the increasing needs of those with dementia and their families. 52 In the meantime, physicians caring for individuals with chronic disease should be aware of current public and private resources designed to provide information and support for caregivers, and make referrals to such programs when appropriate. For instance, the recently established National Family Caregiver Support Program provides federal funds to state and local agencies so that information, counseling, and respite opportunities will be more accessible to family caregivers. 53 In addition, national organizations such as the Alzheimer's Association and the National Alliance for Caregiving can provide caregivers with information on support programs in their local communities. This population-based analysis of informal care for those with dementia confirms the significant burden that this increasingly prevalent condition places on both families and society. This burden increases sharply as the level of cognitive impairment progresses from mild to severe. These findings, coupled with the projected explosion in the prevalence of dementia over the next 50 years, underscore the importance of including valid estimates of unpaid caregiver time when evaluating future clinical and policy interventions aimed at reducing dementia's impact on individuals, families, and society. 
